The volatile compounds from the fruits of Seseli libanotis, wild-growing in Poland, were obtained by hydrodistillation (HD) and headspace solid-phase microextraction techniques (HS-SPME) and analyzed using GC-MS. A total of 58 components were identified. The most abundant compounds were sabinen and β-phellandrene. MIC (minimal inhibitory concentration) and MBC (minimal bactericidal concentration) values for the essential oil against reference bacterial strains and clinical S. aureus isolates were determined. The essential oil showed better antibacterial activity against the Gram-positive bacteria (MICs between 0.15 to 1.25 mg/mL) when compared with Gram-negative bacteria (MICs between 1.25 to 2.5 mg/mL). The low values of the MBC/MIC ratio suggest that the examined oil behaved as a bactericidal agent.
Essential oils are natural volatiles, characterized by a strong odor and formed by aromatic plants as secondary metabolites. They are very complex natural mixtures, containing about 20-60 components, sometimes much more, at quite different concentrations. [1a] . The oils or some of their constituents are very effective against a large variety of organisms including bacteria and fungi. As typical lipophiles, they disrupt the structure of the cytoplasmic membrane and permeabilize them. In bacteria, the permeabilization of the membranes is associated with loss of ions and reduction of membrane potential [1a-1c] .
There are several methods for extracting essential oils, but extraction by steam distillation is preferred [1a,2a] . In order to examine the composition of volatiles when having only a small amount of sample, solid-phase microextraction (SPME) is preferred. This is based on the partitioning of volatiles between the sample matrix, the headspace above the sample and a stationary phase, which is a coated fiber. The main advantages of the method when compared with solvent extraction are that HS-SPME needs no organic solvent and the extracted oil is less degraded by temperature [2a,2b,3] .
Seseli libanotis subsp. libanotis (Libanotis pyrenaica (L.) Bourgeau, Apiaceae) is an aromatic plant widely distributed from Central Europe to West Siberia. [4a] . In Turkish folk medicine, the aerial parts of Seseli species were popularly used as an anti-inflammatory agent [4b] . Both anti-inflammatory and antinociceptive activity is the result of the high amount of coumarin derivatives [4c]. In original herbals from the 16 and 17 th centuries, a juice called "Gummi Opapanacis" from the roots of S. libanotis was recommended for joint pains [5a] . The leaves of S. libanotis are consumed as a vegetable in eastern Turkey [4b,5b] .
The present study was aimed at evaluating the chemical composition of the volatile compounds obtained from the fruits of S. libanotis and determining the antibacterial activity of its essential oil. The essential oil obtained from the aerial parts of S. libanotis has been investigated by several workers. Trans-caryophyllene (20.4%) was identified as the main constituent by one group [6a] . Acorenone (35.5%), followed by limonene (7.2%), α-pinene (7.1%) and caryophyllene oxide (6.1%) were the major components of the oil obtained from aerial parts of S. libanotis collected in Iran. In another study, the oil consisted of six monoterpene NPC Natural Product Communications 2010 Vol. 5 No. 9 1427 -1430 [7] were identified in nonpolar extracts.
The compositions of the HS-SPME extracts and the essential oil obtained by hydrodistillation (HD) from fruits of S. libanotis subsp. libanotis are presented in Table 1 . A total of 58 compounds were extracted and identified: 53 by hydrodistillation and 37 by HS-SPME. Some components, like (Z)-β-ocimene, (E)-β-ocimene, β-copaene, α-zingiberene and bicyclogermacrene, were identified only by the HS-SPME method. The total amount of compounds isolated by SPME was sometimes larger than that isolated by the HD technique. In SPME extracts the concentrations of the dominant compounds were respectively -sabinene 46.2% (vs. 37.4% by HD), β-phellandrene 23.5% (vs. 19% by HD). Also, the content of the other low-boiling compounds, such as α-pinene, β-pinene, β-myrcene, γterpinene, and α-phellandrene obtained by HS-SPME was higher than when using hydrodistillation.
Only the hydrodistillation method showed the presence of α-terpinene, cis-sabinene hydrate, terpinen-4-ol, cryptone, 4-hydroxy-3-methylacetophenone, 2,6dimethoxycymene, β-copaene, (Z)-trans-αbergamotene, acora-3,10(14)-diene, γ-muurolene, guaioxide, spathulenol, epi-α-muurolol, α-cadinol, αbisabolol and oplopanone. The relative contents of the high-boiling and steam-volatile compounds were higher in essential oils obtained by hydrodistillation, eg: carvacrol methyl ether, bornyl acetate, for example, βelemene, γ-elemene, β-farnesene, γ-cadinene, δcadinene, kessane, and carotol. Non-volatile substances were not detected in either the hydrodistillation or SPME samples.
Our results are in agreement with published data where it is clearly shown that amounts of the low-boiling compounds were higher after HS-SPME performed at 50°C than after HD, whereas amounts of the highboiling compounds were higher after hydrodistillation at high temperature, i.e. more high molecular-mass and low volatile compounds could be extracted by use of HD. Despite some differences, the results obtained by SPME can be compared with those from hydrodistillation and the method can be applied for rapid monitoring of volatile compounds. Because of full automization, SPME is also the most time-saving sample preparation method for the subsequent gas chromatographic determination of the composition of aroma-active compounds [2a,8a,8b] .
Volatile compounds from the fruits of Libanotis pyrenaica Natural Product Communications Vol. 5 (9) 2010 1429 Table 2 : MIC (mg/mL) and MBC (mg/mL) of essential oil obtained from S. libanotis towards reference bacterial strains and clinical isolates of S. aureus. a) ATCC -American Type Culture Collection. b) MRSA -methicillinresistant S. aureus. c) MSSA -methicillin-sensitive S. aureus. MICs of gentamicin ranged from 0.03-0.12 x 10 -3 mg/mL and 0.25-1.0 x 10 -3 mg/mL for Gram-positive and Gram-negative bacterial strains, respectively.
The composition of the main compounds in essential oils seems to be a good chemotaxonomic marker. The most characteristic is the presence of monoterpenes. Sabinene, α-pinene and β-phellandrene were the main constituents of the flowering tops of S. buchtormense, fruits of S. globiferum [9a,8b] , and aerial parts of S. tortuosum [9c,9d], while α-pinene, β-pinene and limonene were dominant in the aerial parts of S. peucedanoides [10a] . α-Pinene, together with (E)sesquilavandulol, were major in crushed fruits and herbal parts of S. campestre [10b].
Essential oils are potential sources of novel compounds with antibacterial properties [6a,10c,11a,11b] . Thus, we have investigated the antibacterial activity of the obtained essential oil as assessed by MIC and MBC values. First, the power of activity was examined towards reference bacterial strains ( Table 2 ). The tested essential oil exerted moderate activity against Gram-positive bacteria (MIC = 0.15-0.62 mg/mL); the most sensitive were M. luteus and B. subtilis with MIC = 0.15 mg/mL. Weak activity (MIC = 1.25-2.5 mg/mL) was observed for Gram-negative bacteria. Our results are in agreement with published data [6a,8a,12a] where Gram-negative bacteria are generally less sensitive to essential oils obtained from plants belonging to the Apiaceae family. Similar to our data, B. subtilis was the most sensitive to essential oils obtained from the flowers of S. rigidum [11b] and from the seeds of S. indicum [12a] , as well as from the aerial parts of S. libanotis [1a] . It is worth underlining that the low values of the MBC/MIC ratio suggest that the examined oil from fruits of S. libanotis behaved as a bactericidal agent (Table 2 ). According to the results presented in Table 2 , the MIC value of the examined essential oil against most S. aureus strains was 1.25 mg/mL. Out of eight staphylococcal strains tested, only one was more sensitive to this essential oil, with a MIC = 0.15 mg/mL. However, our data suggest that S. libanotis fruit essential oil may be regarded as an alternative way to treat uncomplicated superficial infections of staphylococcal etiology, such as folliculitis and impetigo contagiosa.
Experimental
Plant material: Wild-growing fruits of Seseli libanotis subsp. libanotis (Apiaceae) were collected in the eastern part of Poland, in the Lublin Region, in September 2006. The taxonomic identification was confirmed by specialists in Botany. The voucher specimens No 14/6 are deposited in the Herbarium of the Medical University, Lublin, Poland. Fruits were air dried at room temperature and powdered.
Head-space solid-phase microextraction (HS-SPME):
A SPME fiber with a 30 µm layer of polydimethylsiloxane (PDMS) was used for the absorption of the volatile constituents. Two g of milled fruits was placed into 5 mL glass vials. The SPME needle was exposed in the headspace of the vial at room temperature for 30 min, then it was removed from the vial and introduced into the GC injector. Three min thermal desorption was carried out. Three replicates of samples were processed in the same way.
Hydrodistillation (HD):
The homogenized fruits (25 g) of the plants were subjected to hydrodistillation for 3 h using a Deryng apparatus, as described in the Polish Pharmacopoea VI [12b]. Three replicates of oil samples were distilled. The oil was collected in small vials, dried over anhydrous sodium sulfate, and stored at 4 o C until analysis.
GC-MS analysis:
GC-MS analyses were accomplished using a GC-MS GCQ (Thermo-Finnigan, USA) equipped with a RT-5 (Resteck) capillary column (20 m length, 0.18 mm ID) with 0.2 µm film thickness. A split injection with a ratio 1: 50 was used and the volume of injected sample was 1 µL. The temperature program for analysis of the essential oil was: 50 o C kept for 1 min, then increased to 320 o C with a heating rate of 4 o /min. The flow rate of the carrier gas (He) was 0.5 mL/min. For analysis of the fraction obtained by HS-SPME, the column was maintained at 50 o C for 1 min and then programmed at 4°C/min to 280°C. The mass spectrometer was fitted with an EI source operated at 70 eV and MS were recorded in the range m/z 35-500 a.m.u. in the full-scan acquisition mode. Identification of the constituents was based on comparison of their retention times and MS with those of authentic samples, the NIST, our own library, and literature data [12c]. 1430 Natural Product Communications Vol. 5 (9) 2010 Skalicka-Wozniak et al.
Antibacterial activity assay in vitro:
Minimal inhibitory concentrations (MIC) of essential oil obtained from S. libanotis for 16 strains, including 8 bacterial reference strains and 8 clinical Staphylococcus aureus isolates, were performed by the micro-dilution broth method according to . Briefly, the stock solution of essential oil was prepared in dimethyl sulfoxide (DMSO). The series of two-fold dilutions of this stock solution, ranging from 0.075 to 5 mg/mL, was prepared in Mueller-Hinton Broth (MHB) in 96-well microtiter plates. Bacterial inoculum was added to each well to obtain a final optical density corresponding to 5 x 10 5 CFU/mL. After incubation at 35 o C for 24 h, the MIC was assessed visually as the lowest essential oil concentration showing complete bacterial growth inhibition. Gentamicin was used as reference compound in order to control the sensitivity of the bacteria tested. Appropriate DMSO, growth and sterile controls were carried out. Minimal bactericidal concentration (MBC) of essential oil towards all bacterial strains tested was defined by subculturing 0.1 mL from each well that showed complete bacterial growth inhibition onto Mueller-Hinton agar plates. The plates were incubated at 35 o for 24 h and the MBC was defined as the lowest concentration of essential oil at which there was no bacterial growth. Each experiment was repeated in triplicate. Representative data are presented.
